1. Introduction {#sec1}
===============

In Thailand, road transport is the predominant form of chemical transportation, and causes the most severe safety and environmental health, social, and economic consequences [@bib1]. Chonburi, the center of industrial enterprises, tourism, and logistics, connects to other provinces including Bangkok through an eight-lane motorway. Statistically, 20% of road accidents occurred on main roads and motorways [@bib1]. Owing to heavy traffic, driving a vehicle carrying chemicals has become increasingly difficult, especially in the metropolitan and suburban areas of Chonburi. The public has become more aware of and concerned about the dangers involved in the road transportation of hazardous chemicals.

Fatigue and sleepiness are inter-related and common among the population of truck drivers. Despite their different implications in terms of diagnosis and treatment, these two terms are often used interchangeably, or merged under the general term "tired, sleepy, or exhausted" [@bib2], [@bib3]. In many countries including Thailand, fatigue is not fully defined as an offence under traffic law and hence remains a form of driver\'s behavior that cannot be effectively targeted. The effects of fatigue can vary but are best viewed as a continuum, ranging from mild, infrequent complaints to severe, disabling manifestations including burnout, overstrain, or chronic fatigue syndrome [@bib4]. Fatigue is a construct that links factors such as time of day, time since waking, task duration, and monotony, with safety-related outcomes [@bib5]. It causes significant effects in different countries. For instance, fatigue caused 15%, 20%, and 40% of accidents in China, UK, and North America, respectively [@bib6], [@bib7]. In the United States, fatigue driving causes \>1,500 deaths every year [@bib8]. Late-sleeping drivers are involved in motor vehicle accidents more frequently, which may be related to personality traits [@bib9]. Other factors involved in driver fatigue and road accidents included age, body mass index (BMI), work experience, smoking, alcohol, and vision [@bib10], [@bib11]. These factors have been identified as major causes of road accidents due to reduced driving performance, increasing the risk of accidents [@bib12], [@bib13], [@bib14]. A number of studies had been conducted on fatigue driving [@bib12], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], but not on chemical transportation in particular. Thailand is among the top five countries with the worst road safety record in the world [@bib20]. In view of road safety, we were interested in the assessment of sleep deprivation and fatigue among drivers working in the chemical production and transportation industries. The results of this study are important for the development of safety and health surveillance and promotion policies and programs, as well as evaluation of measures to be taken to improve hazardous chemical transportation on the road.

2. Materials and methods {#sec2}
========================

2.1. Sampling sites {#sec2.1}
-------------------

This cross-sectional study was performed during January 2015 and April 2015 in three types of chemical industries that had accidents frequently, including the transportation of gas and flammable liquid [@bib21]. Selection criteria of sampling location were based on industry location, type of industry, and other factors including the consent of plant manager and workers to conduct the research. All study sites located in Chonburi were prioritized to be high-risk chemical industries according to the attachment in the notification of Ministry of Industry (No. 3/2542) under Hazard Substances Act B.E. 2535. These factories are briefly introduced below.Factory \#1

This is a painting factory located in an industrial estate. It is of moderate size and employs 51 drivers. Most vehicles used for chemical transportation are four- and six-wheel vehicles. Transportation of hazardous chemical products is under the operation of a contractor. Less than 10% of the vehicles have the Global Positioning System installed. Driving times are between 5:00 [am]{.smallcaps} and 8:00 [pm]{.smallcaps}.Factory \#2

This factory manufactures industrial gas (nonflammable and nontoxic gas, i.e., oxygen, nitrogen, and argon) and is located in an industrial estate. It is a small plant that employs just 24 drivers. Vehicles used for gas transportation are 10-wheel trucks, all of which have the Global Positioning System installed. Drivers work in three shifts: 6:00 [am]{.smallcaps}--2:00 [pm]{.smallcaps}, 9:00 [am]{.smallcaps}--5:00 [pm]{.smallcaps}, and 2:00 [pm]{.smallcaps}--10:00 [pm]{.smallcaps}.Factory \#3

This factory manufactures flammable gas (liquefied petroleum gas) and is located outside the industrial estate. It is a small industry employing 32 drivers. Vehicles used for flammable gas transportation are trucks and trailers. All vehicles have the Global Positioning System installed. Drivers work in two shifts: 4:00 [am]{.smallcaps}--12:00 [pm]{.smallcaps} and 12:00 [pm]{.smallcaps}--8:00 [pm]{.smallcaps}.

2.2. Participants {#sec2.2}
-----------------

A total of 107 drivers participated in this study. All participants were day-shift chemical drivers, who started work in the morning (5:00--9:00 [am]{.smallcaps}) and stopped the routine in the evening (4:00--8:00 [pm]{.smallcaps}). Inclusion criteria were having experience for driving vehicles in industries mentioned above for at least 4 months and willingness to give written informed consent. Participants who could not participate in all activities were excluded from the study. This research was approved by the Ethics Review Committees for Research on Human Subjects of Burapha University.

2.3. Study design and tools {#sec2.3}
---------------------------

The general questionnaire comprised three parts: demographic factors (age and BMI), work history (working experience, and driving distances and hours), and health status (vision, tobacco and alcohol consumption, and use of somnolent medication). The questionnaire was sent to three experts to verify its structural and content validity. Consistency was examined using Cronbach *α* coefficient, which was calculated to be 0.788. Drivers also were assessed for fatigue and sleep deprivation using quantitative and qualitative scales.

2.4. Measurement of fatigue {#sec2.4}
---------------------------

All drivers were assessed for both objective and subjective fatigue using the flicker fusion instrument and Piper scale, respectively. The objective fatigue was assessed by the flicker fusion instrument model 12021A. Measurements of the critical flicker frequency (CFF) threshold were done by intrafoveal stimulation with a luminous diode. It was measured in a quiet and semidark room. When the eyes were not fatigued, they would be perceived to wink well at a high frequency, and thus the CFF value would be high. The results of testing showed decreased values when visual fatigue occurred. CFFs were measured before (5:00--9:00 [am]{.smallcaps}) and after driving (4:00--8:00 [pm]{.smallcaps}) three times for each individual, after which the mean value was calculated. The unit of CFF was cycle per second or hertz. It was considered to have fatigue symptom when (CFF~after~ -- CFF~before~) \> 1 standard deviation (SD) of individual CFF~before~.

The subjective fatigue was also assessed using the Piper fatigue scale [@bib22], which is a 22-item scale that measures four subscales: behavior (6 items), affective (5 items), sensory (5 items), and cognition/mood (6 items). Each item had 11 response categories on a 0--10 metric, with verbal descriptors anchoring the end points. Each subscale was scored individually and then aggregated together for an overall score, with higher scores reflecting more fatigue. The subjective fatigue was classified into three categories on a response scale (0--3 = mild; 4--6 = moderate; 7--10 = severe fatigue).

2.5. Assessment of sleep deprivation {#sec2.5}
------------------------------------

Each participant was asked to complete two questionnaires of the Stanford Sleeping Scale (SSS) and the Groningen Sleep Quality Scale (GSQS) before driving. The SSS [@bib23], a measure of self-reported feeling of the immediate state of sleepiness on a seven-point scale, ranging from "alert" (1) to "almost asleep" (7), was administered. The test scores of drivers who graded their feeling as equivalent to a score of ≥3 were defined as "high-risk" scores.

The instrument for measuring subjective sleep quality was the GSQS, which is widely used [@bib19], [@bib24], [@bib25]. The scale rates from 0 to 14, with a higher score indicating disturbed sleep. Originally, this scale was created for studying the sleep problem in depressed inpatients. In a validation study of 80 patients with depression, the mean score was 6.0 (SD = 4.2) and Cronbach *α* for internal consistency was 0.88 [@bib26]. This validated scale consists of 14 questions relating to sleep quality, to be answered with yes or no. Generally, under normal conditions of an unrestricted and undisturbed night\'s sleep, participants scored between 0 and 2. Test scores of participants who scored their sleep quality as ≥3 were defined as "high-risk" scores.

2.6. Statistical analysis {#sec2.6}
-------------------------

Statistical analyses were performed using SPSS, version 17.0 (IBM Singapore Pte Ltd, Singapore). The general data were analyzed by descriptive statistics. The difference between high- and low-risk test scores with quantitative variables (sleepiness, sleep quality, and average sleep time) was analyzed by independent *t* test. Qualitative variables (alcohol drinking, vision impairment, accidental history, and fatigue) were analyzed by *z* test of proportion difference between high- and low-risk test groups with two-tailed testing. The *p* level of significance was 0.05.

3. Results {#sec3}
==========

3.1. General characteristics of participants {#sec3.1}
--------------------------------------------

A total of 99 of 107 drivers (92.52%) in the three chemical industries were examined. The other eight drivers were excluded due to being new employees or not completing the flicker fusion testing after their work. Majority of the drivers (63.6%) used 10-wheel trucks. All drivers were men with a mean age of 38.2 years (range, 21--64 years). Nearly one-third of the sample (62.6%) was overweight, as indicated by their BMI. They had an average of 5.37 years of working experience (range, 0.3--32 years). The mean numbers of driving hours and driving distances were 6.13 hours and 156.45 km/d, respectively. Approximately 30% of workers slept \<7 hours/night on average, and up to 54.5% of them had been involved in road traffic accidents. Approximately half of the drivers (53.5%) had good vision, while 27 (27.3%) had impaired vision. Characteristics of the drivers are shown in [Table 1](#tbl1){ref-type="table"}.Table 1Demographic factors of chemical transportation drivers (*N* = 99)Table 1VariablesMean (SD)Age (y)38.20 (7.91)BMI (kg/m^2^)25.63 (5.02)Working experience (y)\
Driving distance (km/d)5.37 (6.47)156.45 (110.83)Driving (h/d)\
Sleep (h/d)7.34 (1.75)\
6.13 (2.23)*n* (%)Smoking Yes43 (43.40) No56 (56.60)Accident history 1 y past (time) Yes54 (54.50) No45 (45.50)Vision Normal53 (53.50) Abnormal27 (27.30) Unknown19 (19.20)[^1]

3.2. Assessment of sleepiness and fatigue {#sec3.2}
-----------------------------------------

The results revealed that the prevalence of fatigue as assessed through the critical flicker fusion analyzer, subjective fatigue question, and either of the instruments were 32.32%, 16.16%, and 43.43%, respectively ([Fig. 1](#fig1){ref-type="fig"}). The mean value of objective fatigue before driving (CFF~before~) was 39.12 Hz (SD = 3.20, range, 29.33--48.03) and that after driving (CFF~after~) was 37.76 Hz (SD: 4.29, range, 23.23--44.30), whereas the mean value of subjective fatigue was 3.13 (SD: 0.99, range, 1.09--6.45).Fig. 1Prevalence of fatigue from flicker fusion test and questionnaire.Fig. 1

Of the 39 examination sets that were labeled "high risk", on 13 occasions drivers slept \<7 hours the night before the test, with an average sleep time of 6.7 hours. The results of the SSS and GSQS of the high- and low-risk groups of chemical transportation drivers are presented in [Table 2](#tbl2){ref-type="table"}. The high-risk group had higher scores in both scales; the difference between the groups reached statistical significance. Findings show that drivers had a mean score of 1.89 (SD: 2.06, range, 0--11) on the GSQS and had a mean sleeping scale (SSS) score of 1.98 (SD: 1.00, range, 1--6). High-risk drivers had a higher level of objective and subjective fatigue than those in the low-risk group, but not statistically significant.Table 2Comparison between high and low risk test score of chemical transportation driversTable 2VariablesTest score[∗](#tbl2fnlowast){ref-type="table-fn"}*p-value*High riskLow riskSlept \<7 h13/39 (33.30%)17/60 (28.30%)0.597Average sleep time (h)6.7 ± 1.65\
7 (3--9)7.56 ± 1.75\
7.4 (3--13)0.031[†](#tbl2fndagger){ref-type="table-fn"}Sleepiness score2.59 ± 1.21\
3 (1--6)1.75 ± 0.80\
2 (1--4)\<0.001[†](#tbl2fndagger){ref-type="table-fn"}Sleep Quality Scale4.62 ± 1.88\
4 (3--11)0.87 ± 0.82\
1 (0--2)\<0.001[†](#tbl2fndagger){ref-type="table-fn"}Consumed alcohol or somnolent medication3/39 (7.69%)0/60 (0%)---Objective fatigue (CFF~before~--CFF~after~)13/32 (40.63%)19/56 (33.93%)0.530Subjective fatigue7/39 (17.95%)9/60 (15%)0.697Visual impairment12/39 (30.77%)15/60 (25%)0.529Accident history20/39 (51.20%)34/60 (56.67%)0.599[^2][^3][^4]

Three drivers in the high-risk score group admitted to using alcohol or somnolent pills. None of the low-risk drivers reported consumption of any medications or chemical substances. Regarding accident history, 20 high-risk drivers (including those having an accident at least once) were involved in 50 accidents, and 34 low-risk drivers were involved in 46 accidents.

The relationship between sleeping patterns and fatigue is shown in [Table 3](#tbl3){ref-type="table"}. Drivers sleeping \<7 hours and reporting poor sleep quality had more fatigue than those who slept enough and well. About alertness test, drivers who had a higher score on the sleepiness scale were also measured to have a significantly higher level of objective fatigue than those who had a lower sleepiness score.Table 3Relationship between sleeping and fatigueTable 3Driver fatigueCritical flicker fusion (CFF~bef--aft~)QuestionnaireSleep hour \<7--3.59 ± 2.44\
(--9.03 to 0.00)3.25 ± 0.99\
(2.00--5.99) ≥7--2.90 ± 3.39\
(--15.85 to 2.53)3.08 ± 1.00\
(1.09--6.45)Sleepiness score ≤2--2.97 ± 3.17\
(--15.83 to 1.53)3.00 ± 1.03\
(1.09--6.45) \>2--3.44 ± 3.22[∗](#tbl3fnlowast){ref-type="table-fn"}\
(--13.20 to 2.53)3.53 ± 0.79\
(2.14--5.32)Sleep Quality Scale ≤2--3.36 ± 3.39\
(--15.83 to 1.53)3.03 ± 1.02\
(1.09--6.45) \>2--2.16 ± 2.08\
(--6.17 to 2.53)3.35 ± 0.93\
(1.59--5.23)[^5][^6][^7]

4. Discussion {#sec4}
=============

Sleep deprivation affects the prefrontal cortex of the cerebrum, the area of the brain responsible for most decisions and judgments, and significantly reduces executive function and reaction time [@bib27], [@bib28]. The mean score of GSQS and SSS in the participants was 1.89 and 1.98, respectively, both not indicating sleep debt and impaired sleep quality. However, about 30% of drivers slept \<7 hours and had a score of \>2.0 on the GSQS. Individuals with fatigue and sleep disorders seem vulnerable to additional negative consequences due to a possible interplay between amplified fatigue and psychological distress [@bib29]. People who wake frequently and have unpleasant dreams do not feel refreshed in the morning. With increasing duration of wakefulness, the propensity for sleep increases and alertness becomes impaired. Another study showed that individuals who had been awake for 18.5 hours, 21 hours, and 24 hours of wakefulness produced performance decrements equivalent to those observed at blood alcohol concentrations of 0.05%, 0.08%, and 0.10%, respectively [@bib13], [@bib30]. A comparison of how long drivers had slept before an accident and the time of the accident showed that they had slept less than usual. In addition, when they sleep significantly less than usual, the risk of a critical event increases. This suggested that fatigue could play a major role [@bib31].

In terms of methodology for conducting research on fatigue, subjective measures of sleepiness are important because objective measurements (such as electrocardiogram, electroencephalogram, etc.) are not feasible to implement in most population research [@bib32]. The GSQS is a short and simple, self-administered, and detailed questionnaire survey that is easy to score and enables the examination of drivers. It has been confirmed to be valid and reliable [@bib24], [@bib33]. Such a subjective screening tool can also be important if it could be applied to identify drivers who are too sleepy to drive or who are incapable of driving due to drug or alcohol use. A range of approaches can be used to enhance alertness including screening and short naps during day time. Ocular parameters can be served as fatigue screening of truck drivers [@bib19]. Evidence-based management strategies require consideration of the work--rest model optimization.

Testing of CFF value is a simple, affordable test, which is easy to perform, although there are some limitations [@bib34]. CFF threshold is known to be affected by several factors including target luminance, target color, and target size [@bib35]. However, this study has been done in a quiet and semidark room, and the result showed a higher prevalence of driver fatigue than the results from subjective fatigue questionnaire. A previous study disclosed that subjective fatigue did not reflect the objective physiological status of the tired person because of a bias in motivation and personal factors such as experience, training, etc. [@bib36]. However, in the review of long workdays and health, van der Hulst [@bib37] summarized that subjective, rather than objective, measures are more commonly linked to fatigue. In contrast, this study revealed that there was an agreement of testing assessed through flicker fusion instrument and subjective fatigue questionnaire at 59.1%.

Other factors including age, BMI, work experience, smoking, alcohol, and vision were involved in sleepiness related to fatigue and road accidents [@bib2], [@bib11], [@bib12]. This study found that six drivers had age \>50 years, 62 drivers were overweight (BMI ≥ 23), and 20 drivers worked \>8 hours/d and drove \>200 km/d. These were more frequently involved in sleepiness-related road accidents, especially at night. Nightshift workers, compared with dayshift workers, are likely to be at a greater risk of sleepiness [@bib13], [@bib38]. Smoking is not good behavior for safety, especially in chemical transportation drivers. Our results showed that 43 out of 99 were smokers and 16% of them smoked while driving. Alcohol levels in the blood of chemical transportation drivers were measured randomly by safety personnel in all three study locations. A half of the drivers always took energy drink to control fatigue while on duty (data not shown). Periodic eye examinations should be carried out for all commercial drivers before issuing or renewing licenses to drive. Although eye examinations were carried out in the three study sites every year, 19 drivers (19.2%) did not participate in this activity since they were on the road at the time of the eye test event. Our results also showed that visual impairment, fatigue, and accident history between persons with sleep deprivation (high-risk test score group) and low-risk test score group were not significantly different. Pepple and Adio [@bib11] also found that visual impairment was not significantly associated with the occurrence of road traffic accidents.

There are some limitations of the study, including its small sample size and no data on the night shift chemical drivers. In terms of public health implications of the study, it is recommended that more effort is invested in raising public awareness about the dangers of fatigued driving, and on educating drivers about how to recognize and deal with fatigue and sleepiness when these occur. More studies about the work--rest model, evaluation, and management are needed. These will lead to a set of safety measures and ultimately result in improved productivity, driver retention, and road safety. Nonetheless, more studies on drivers involved in hazardous chemical transportation (i.e., crane, forklift, reach stacker, and sideloader) should be conducted for more accurate generalization of the results.
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[^1]: BMI, body mass index; SD, standard deviation.

[^2]: CFF~before~--CFF~after~, difference in flicker frequency value before and after driving; GSQS, Groningen Sleep Quality Scale; SSS, Stanford Sleeping Scale.

[^3]: Test scores of SSS and GSQS equivalent to ≥3 were defined as a high-risk group.

[^4]: Significant difference between high- and low-risk test scores at *p* \< 0.05 with two-tailed testing.

[^5]: Values are expressed as mean ± SD, min--max.

[^6]: CFF~bef--aft~, difference in flicker frequency value before and after driving; min, minimum; max, maximum; SD, standard deviation.

[^7]: Significant difference from a sleep quality score of ≤2 (control) at *p* \< 0.05 with two-tailed testing.
